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study question: What are the effects of fertility education on knowledge, childbearing desires and anxiety?
summaryanswer: Providing fertility information contributed to greater knowledge, but increased anxiety.
what is known already: Past studies have found that exposure to educational material improved fertility awareness and changed
desires toward childbearing and its timing. Existing educational websites with evidence-based medical information provided in a non-judgmental
manner have received favorable responses from reproductive-aged men and women.
study design, size, duration: This three-armed (one intervention and two control groups), randomized controlled trial was con-
ducted using online social research panels (SRPs) in Japan in January 2015.
participants/materials, setting, methods: A total of 1455 participants (726 men and 729 women) between 20 and 39
years of agewhohoped to have (more) children in the futurewere block-randomized and exposed to one of three information brochures: fertility
education (intervention group), intake of folic acid during pregnancy (control group 1) or governmental ﬁnancial support for pregnancy and child-
birth (control group 2). Fertility knowledgewasmeasuredwith the Japanese version of theCardiff Fertility Knowledge Scale (CFKS-J). Knowledge,
child-number and child-timing desires, subjective anxiety (i.e. whether participants felt anxiety [primary outcome]), and scores on the State-Trait
Anxiety Inventory were assessed immediately after exposure. Non-inferiority comparisons were performed on subjective anxiety with non-
inferiority declared if the upper limit of the two-sided 95% conﬁdence interval (CI) for risk difference did not exceed a margin of 0.15. This
test for non-inferiority was only performed for subjective anxiety; all the other variables were tests of superiority.
mainresults andthe roleofchance: Posttest scoreson theCFKS-J (mean, SD)werehigher in the intervention group than that
of the control groups: intervention versus Control 1 and versus Control 2: 52.8 (28.8) versus 40.9 (26.2) (P, 0.001) versus 45.1 (27.1)
(P ¼ 0.003) among men and 64.6 (26.0) versus 50.8 (26.9) (P, 0.001) versus 53.0 (26.4) (P, 0.001) among women.
The percentage of participants who felt subjective anxiety after exposure to the intervention brochure was signiﬁcantly higher than that of the
control groups: intervention versus Control 1 and versus Control 2: 32.6 versus 17.8% (risk difference [RD] ¼ 0.149, 95% CI: 0.073–0.225)
versus 14.5% (RD ¼ 0.182, 95% CI: 0.108–0.256) among men, and 50.2 versus 26.3% (RD ¼ 0.239, 95% CI: 0.155–0.322) versus 14.0%
(RD ¼ 0.362, 95% CI: 0.286–0.439) among women. Non-inferiority of the intervention was inconclusive (i.e. the CI included 0.15) among
men whereas inferiority was declared among women. The incidence of anxiety was higher in the intervention group than that of the control
groups especially among men aged 30 and older and among women aged 25 and older. No difference existed in childbearing desires between
groups after exposure.
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limitations, reasons for caution: Thepossibility of selection bias associatedwith the use of SRPs (higher socioeconomic status
and education) and volunteer bias toward those more interested in fertility may limit the generalizability of these ﬁndings.
wider implications of the findings: In addition to education targeting a younger generation, psychological approaches are
needed to alleviate possible anxiety caused by fertility information.
study funding/competing interest(s): This study was funded by National Center for Child Health and Development, Seiiku
Medical Study Grant (24-6), the Daiwa Foundation Small Grants and Grant-in-Aid for JSPS Fellows (26-1591). No competing interest declared.
trial registration number: UMIN Clinical Trials Registry. Trial registration number, 000016168.
trial registration date: 13 January 2015.
date of first patient’s enrolment: 15 January 2015.
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Introduction
The total fertility rate is decreasing and age at ﬁrst birth is increasing
worldwide (World Bank, 2015). Especially in developed countries, sub-
stantial decline in fertility and the growing trend to delay childbearing are
serious concerns (ESHRE Capri Workshop Group, 2005; Organisation
for Economic Co-operation and Development, 2014). In Japan, where
this study was conducted, the total fertility rate is among the lowest
(1.43 in 2013), and the parental age at ﬁrst birth has now reached
more than 30 years of age (30.4 and 32.5 years for women and men,
respectively, in 2013) (Ministry of Health Labour and Welfare, 2013).
Although delayed childbearing is a consequence of a multifactorial
decision-making process related to career, education, relationships,
partner’s desire, ﬁnancial security, health etc. (Cooke et al., 2010,
2012; Mills et al., 2011; Roberts et al., 2011), research suggests that a
lack of accurate fertility information might explain sub-optimal fertility
behavior (Bunting and Boivin, 2010). Many people overestimate the
duration of the reproductive lifespan and the likelihood of conceiving
(Lampic et al., 2006; Bretherick et al., 2010; Ali et al., 2011; Daniluk
et al., 2012; Peterson et al., 2012; Bunting et al., 2013; Lundsberg et al.,
2014; Maeda et al., 2015), which sometimes results in unintended child-
lessness (Benzies et al., 2006; Friese et al., 2006; Cooke et al., 2010). In
this context, educational initiatives have been undertaken in many coun-
tries (De Cock, 2011; Daniluk and Koert, 2013; Hammarberg et al.,
2013).
However, the timingof childbearing canbeperceived as dependenton
factors outside one’s control (e.g. timing of promotion, partner’s willing-
ness) (Cooke et al., 2012). According to the risk perception model, risk
behavior perceived to be under the control of others is also perceived to
be less modiﬁable (Covello et al., 2001). In such contexts, a fertility edu-
cation campaigns could cause people to experience concern if they per-
ceive that the behavior (childbearing efforts) is not entirely within their
control to change. Indeed, recent fertility campaigns have met with
public disapproval in the USA (Soules, 2003; Reynolds, 2009) and the
UK (Gray, 2013) because they appeared to force a speciﬁc childbearing
deadline on women whowere not yet ready to conceive. A similar cam-
paign suggested by the Japanese Government in 2013 sparked much
public debate about the need to educate people (Hongo, 2013; Maeda
et al., 2015). On the other hand, several initiatives (De Cock, 2011;
Daniluk and Koert, 2013; Hammarberg et al., 2013) that presented par-
ticipants with evidence-based medical information and emphasized
informed decision-making in non-judgmental attitudes received favor-
able responses (Daniluk and Koert, 2012). Speciﬁcally, previous
studies showed that exposure to online educational material regarding
fertility, improved fertility awareness and changed knowledge about
the timing of childbearing (Wojcieszek and Thompson, 2013; Daniluk
and Koert, 2015). Despite a growing interest and recognition in the
need for fertility education among health professionals, the effect of
such information on knowledge and especially psychological reactions
is still poorly understood among reproductive-aged men and women.
In addition, there is a lack of information about factors that covary with
such anxiety and that could provide important background to tailor
and promote effective and acceptable education.
The aim of the present study was to evaluate the effects of fertility in-
formation on knowledge, desires and anxiety. Participants were rando-
mized to receive the intervention, which comprised evidence-based
medical information about male and female fertility (intervention), or
to one of two information control groups that received the typical
health and government support information issued regarding pregnancy
and childbirth. It was hypothesized that the intervention group would
show increased fertility knowledge and sooner timing of next birth com-
paredwith the control groups but given positive public reaction to exist-
ing educational websites (De Cock, 2011; Daniluk and Koert, 2013;
Hammarberg et al., 2013) the fertility information was not expected to
increase anxiety compared with the control information.
Materials andMethods
We conducted a three-armed (one intervention and two control groups),
randomized controlled non-inferiority trial in January 2015. Participants
were randomly assigned to one of the information brochures.
Ethical approval
The ethics committee at Akita University Graduate School of Medicine
approved the study protocol.
Participants
Participants were recruited via online social research panels (SRPs). Inclusion
criteria included men and women aged between 20 and 39 years of age,
hoping to have children (or more children) in the future, and currently not
pregnant (n ¼ 1455). Medical and advertising professionals were excluded
from the recruitment.
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Procedures
An online market research company (Macromil, Tokyo, Japan), which has a
nationwide SRP of more than 1 million registrants, sent prescreening emails
for the inclusion criteria to 84 724 people aged 20–39 years who were ran-
domly selected from its registrants (Fig. 1). Of the 5980 eligible people, 2146
peoplewere sent recruitment emails and 1455 people completed the survey
(67.8% participation rate of eligible). We performed quota sampling by
gender and age-group block, setting the sample composition roughly the
same as the Japanese adult population.
Participants were block-randomized to one of the three groups using a
central computerized randomallocation system (ScreeningMacro,Macromil,
Japan).All studymaterialswerepresentedonline usingAirs software (Macro-
mil, Japan). After completion of the pretest survey, one of the brochures was
presented. Participants were asked to read the entire brochure. Participants
were not informed howmany brochures existed. After the brochure presen-
tation participants were providedwith the posttest survey. Participants were
allowed to take as much time as needed to read the brochure. It was not
possible to reread the brochure during the posttest survey. Thosewho com-
pleted the survey were provided coupons worth several hundred yen (a few
USD). Participant responses were anonymous.
Intervention
An educational brochure on infertility facts and infertility risks factors (life-
style, reproductive) was created. The information in the Fertility Education
intervention group (2968 characters, in Japanese) consisted mainly of
excerpts from an educational booklet for general readers published by the
Japan Society of Obstetrics and Gynecology (2014) and from the website
for patients produced by the Japan Society for Reproductive Medicine
(2013), including the deﬁnition, prevalence and causes of infertility (para-
graphs titled ‘What is infertility?’ and ‘What can cause infertility?’), the ages
at which female fertility declines (paragraphs titled ‘Both men and women
areaffectedby reproductive ageing’, ‘What is the ideal age forwomen to con-
ceive and give birth?’, and ‘What is ‘ageing of the ovum’?’), timing, and the
risks of sexually transmitted infections and psychological stress on fertility
(a paragraph titled ‘Tohave a child’).We consulted several other educational
websites for the general population to add facts aboutmale fertility and age (a
paragraph titled ‘What is the relationship with male age?’) (Saito, 2015) and
the risks to fertility associated with unhealthy weight, smoking, and alcohol
drinking (a paragraph titled ‘To have a child’) (NHS choices, 2014) to the bro-
chure. Two experts on reproductivemedicine conﬁrmed the scientiﬁc valid-
ity and the neutral stance of the intervention brochure.
There were two control brochures to control for existing education rele-
vant to reproduction. Information in the Folic Acid control group 1 (2202
characters) was selected from the website of the National Institute of
Health andNutrition (2015) as a control brochure that provided information
about intake of folic acid during pregnancy, including efﬁcacy (i.e. reduction of
the risk of neural tube defects in the fetus), appropriate amount, and the
period of intake. The information in the Government Finance control
group 2 (2729 characters) was excerpted from the Japan Institute of Life
Insurance (2015) website that presented information about government
ﬁnancial and social support during pregnancy and childbirth. We set two
control groups to test the robustness of our study because people may
react differently to the information related to diseases (e.g. infertility, folate
deﬁciency) than to general reproductive information.
Weconducted apilot surveyon 24university students and a small groupof
our colleagues to ensure that the information brochures and the question-
naire were understandable.
Measures
The pre- and postsurvey consisted of 119 items that covered six domains
developed to investigate factors associated with low fertility in Japan.
Only questions relevant to the analyses presented in this paper are
described here.
Fertility knowledge
We used the Japanese version of the Cardiff Fertility Knowledge Scale
(CFKS-J) (Bunting et al., 2013; Maeda et al., 2015) to assess fertility knowl-
edge in the pre and posttest survey. The CFKS-J consisted of 13 items that
measured knowledge about facts, risks and myths of fertility. Participants
responded to all items as true, false or do not know. A correct answer was
assigned one point and an incorrect or ‘do not know’ answer was assigned
Figure 1 Flowchart showing the procedure.
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zero points. Scores are reported as the percent correct score (0–100%). In-
ternal consistency coefﬁcient a of the CFKS-J was 0.74, and a factor analysis
showed the scale had a one-factor structure (Maeda et al., 2015).
Childbearing desires
In the pre- and posttest survey, participants stated their desired number of
(additional) children (child-number desire) and the age at which they
hoped to have their ﬁrst and last child (child-timing desire) with the option
of ‘I don’t know’. Those who had children stated the desired age at which
they hoped to have their additional child and their last child.
State-anxiety psychological assessment
Psychological measurement was taken once immediately after exposure to
the information brochure.
We used two indicators to examine anxiety. The primary indicator was a
single item rated on a 5-point Likert scale: ‘How do you feel about the
brochure just presented?’ ‘I feel anxiety: 1—Strongly disagree; 2—Disagree;
3—Neither agree nor disagree; 4—Agree or 5—Strongly agree.’ We cate-
gorized participants who answered 4 or 5 as those who felt anxiety.
The secondary indicator was the Japanese version of the State-Trait
Anxiety Inventory (STAI) (Spielberger et al., 1970; Nakazato and Mizuguchi,
1982), which has a 4-point Likert scale used with 20 state-anxiety items
(STAI-S; range 20–80) and 20 trait-anxiety items (STAI-T; range 20–80).
State-anxiety items measure the current anxiety level, whereas trait-anxiety
refers to the characteristic (trait) anxiety level. Higher scores indicate greater
anxiety. High internal consistency of STAI-S (coefﬁcient a ¼ 0.92) and test–
retest reliability of STAI-T (0.76 for 1 h later and 0.71 for 3months later) was
reported in the Japanese version (Nakazato and Mizuguchi, 1982).
Sociodemographic variables
The online market research company provided participant gender and age.
Participants indicated their annual household incomes, educational back-
grounds and relationship status. Annual household income was categorized
into four groups: low, 4 million Japanese Yen (JPY); moderate 4–7 million
JPY; high ≥ 8 million JPY and ‘unknown.’ At the time of the study, 1 US
Dollar ¼ 117 JPY. Educational background was categorized into two
groups (university education, yes/no). Relationship status was categorized
into three groups: single; having a partner but not married; and married.
The rate of cohabitation is extremely low in Japan, 1%, (Cabinet Ofﬁce,
Government of Japan, 2011) and was not measured.
Fertility status
Participants reported whether they had given birth to/fathered a child
(yes/no), whether they currently wanted to conceive immediately
(yes/no), and whether they had sought a medical consultation or treatment
regarding fertility (yes/no).
Statistical analyses
Weusedanon-inferioritymarginof 15%andestimated the sample sizeofone
group (n ¼ 244), based on the assumption that the proportion of thosewho
would feel anxiety was 55% in the pilot survey with 90% power at a signiﬁ-
cance level of 5%. The non-inferiority margin was based on clinically import-
ant differences as well as cost and feasibility.
We compared the baseline characteristics, pretest knowledge and pretest
desires between the intervention and each control group stratiﬁed by sex.
Posttest knowledge, desires and psychological assessments were also com-
pared between the intervention and control groups. Statistical comparisons
were carried out using Student’s t tests, two-group variance-comparison
tests, Fisher’s exact tests and x2 tests according to the type and distribution
of the variables. We performed all analyses on an intention-to-treat basis.
For the primary outcome regarding anxiety (subjective anxiety), non-
inferiority of fertility information could be claimed if the upper limit of the
two-sided 95% conﬁdence interval (CI) for the difference in the proportion
of those who felt subjective anxiety did not exceed 0.15. This test for non-
inferiority was only performed for the primary outcome for anxiety; all
other variables were tests of superiority. A two-sided P-value of ,0.05
was used to deﬁne statistical signiﬁcance. All the analyses were performed
using STATA12-SE (StataCorp LP, College Station, TX, USA).
........................................................ ........................................................
.............................................................................................................................................................................................
Table I Pretest characteristics of the intervention and control groups.
Male Female
Intervention
(n5 242)
Control 1
(n5 242)
Control 2
(n5 242)
Intervention
(n 5 243)
Control 1
(n5 243)
Control 2
(n 5 243)
Age in years, mean (SD) 30.9 (5.8) 30.8 (5.7) 30.9 (5.7) 30.5 (5.6) 30.4 (5.6) 30.2 (5.5)
Annual household income (n, %)
,4 million JPY 73 (30.2) 77 (31.8) 72 (29.8) 90 (37.0) 84 (34.6) 75 (30.9)
4–7 million JPY 99 (40.9) 80 (33.1) 85 (35.1) 75 (30.9) 90 (37.0) 87 (35.8)
≥8 million JPY 38 (15.7) 36 (14.9) 38 (15.7) 26 (10.7) 21 (8.6) 25 (10.3)
Unknown 32 (13.2) 49 (20.2) 47 (19.4) 52 (21.4) 48 (19.8) 56 (23.0)
University education (n, % yes) 133 (55.0) 140 (57.9) 127 (52.5) 100 (41.2) 79 (32.5) 111 (45.7)
Relationship status (n, %)
Single 123 (50.8) 117 (48.4) 105 (43.4) 71 (29.2) 73 (30.0) 73 (30.0)
Having partners, not married 58 (24.0) 55 (22.7) 64 (26.4) 55 (22.6) 58 (23.9) 64 (26.3)
Married 61 (25.2) 70 (28.9) 73 (30.2) 117 (48.2) 112 (46.1) 106 (43.6)
Whether or not given birth to/fathered a child (n, % yes) 34 (14.0) 52 (21.5) 49 (20.2) 73 (30.0) 75 (30.9) 75 (30.9)
Whether or not wanted to conceive now (n, % yes) 49 (20.2) 55 (22.7) 44 (18.2) 86 (35.4) 74 (30.5) 71 (29.2)
Prior medical consultation for fertility (n, % yes) 10 (4.1) 13 (5.4) 14 (5.8) 24 (9.9) 24 (9.9) 21 (8.6)
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Results
Background characteristics and group
equivalence
There were 1455 participants in total, 242 male and 243 female in each
group. In total, 31participants stated theydid notwant tohavechildren in
the future, contrary to their responses in the screening survey. These
participants were included in the following analyses, which remained
the same whether or not these participants were included.
Table I shows demographic characteristics of the sample. Participants
were about 30 years of age, were of low or middle income, with about
one half having a university education. The majority was single or part-
nered without marriage, and without children. Few wanted to conceive
immediately, and ,10% had consulted for fertility problems.
Some baseline characteristicswere not well-balanced between groups.
The percentage of female participants who were university educated in
control group 1 was lower than the intervention group (P ¼ 0.048), and
the percentage of male participants who had fathered a child in the
intervention group was lower than control group 1 (P ¼ 0.03).
Effect of the intervention on outcomes
Fertility knowledge and child desires
The pretest average scores on the CFKS-J did not differ according to
group or gender (Fig. 2a). Percent correct scores were 42.5 (SD ¼
24.0) among men and 49.5 (SD ¼ 23.9) among women. The pretest
child-number and child-timing desire was also not different according
to group and gender (Table II). At pretest the majority of participants
wanted one to two children, and most wanted to have completed
their family before age 37 years. About one-third of participants did
not know at what age they would want to have their ﬁrst or last child.
Posttest scores on the CFKS-J (mean, SD) were signiﬁcantly higher
(increased knowledge) in the intervention group than that of the
control groups: intervention versus Control 1 and versus Control 2:
52.8 (28.8) versus 40.9 (26.2) (P, 0.001) versus 45.1 (27.1) (P ¼
0.003) among men and 64.6 (26.0) versus 50.8 (26.9) (P, 0.001)
versus 53.0 (26.4) (P, 0.001) among women (Fig. 2a). There were no
differences between groups in the posttest child-number and child-
timing desire (Table II).
State anxiety
Thepercentageof thosewho felt subjective anxiety after exposure to the
intervention brochure (posttest scores) was signiﬁcantly higher than that
of the control groups: intervention versus Control 1 and versus Control
2: 32.6 versus 17.8% (P, 0.001) versus 14.5% (P, 0.001) among men
and 50.2 versus 26.3% (P, 0.001) versus 14.0% (P, 0.001) among
women (Table III). Among men, the risk differences of the intervention
increasing the incidence of higher subjective anxiety versus Control 1
and versus Control 2 were 0.149 (95% CI: 0.073–0.225) and 0.182
(95%CI: 0.108–0.256), respectively (Fig. 2b). Therefore, the differences
were statistically signiﬁcant, but the hypothesis of non-inferiority was in-
conclusive as the CIs included 0.15 (i.e. the non-inferiority margin).
Among women, the risk differences versus Control 1 and versus
Control 2 were 0.239 (95% CI: 0.155–0.322) and 0.362 (95% CI:
0.286–0.439), respectively. The hypothesis of non-inferiority was
refuted and inferiority of the fertility information group was declared
among women. Analyses by age group showed that the percentage of
those who felt subjective anxiety was higher in the intervention group
than that of the control groups especially among men aged 30 and
older and among women aged 25 and older (Table III).
Figure 2 Pre- and posttest fertility knowledge and posttest psycho-
metric measurements by group. Posttest indicators were measured
after exposure to the assigned brochures; fertility information (interven-
tion), folic acid information (Control 1) or government ﬁnance informa-
tion (Control 2). TheCFKS-J, the Japanese version of theCardiff Fertility
Knowledge Scale; the STAI-T, the Trait score of the State-Trait Anxiety
Inventory; the STAI-S, the State score of the State-Trait Anxiety Inven-
tory: NS, not signiﬁcant. (a) Pre- and posttest mean scores (95% conﬁ-
dence interval) on the CFKS-J. (b) Risk differences (95% conﬁdence
interval) of subjective anxiety between groups. Dashed line at 0.15 indi-
cates non-inferiority margin. (c) Posttest mean scores (95% conﬁdence
interval) on the STAI-T and the STAI-S. Signiﬁcance of t-test compari-
sons was indicated by *P, 0.05 and **P, 0.01.
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Table II Pre and posttest child-number and child-timing desires by group.
Male Female
Intervention
(n5 242)
Control 1
(n 5 242)
P values Control 2
(n5 242)
P values Intervention
(n 5 243)
Control 1
(n5 243)
P values Control 2
(n 5 243)
P values
Pretest desires
Desired number of (additional) children
Nonea 8 (3.3) 6 (2.5) 0.30b 7 (2.9) 0.49b 2 (0.8) 5 (2.1) 0.65b 3 (1.2) 0.92b
One 70 (28.9) 90 (37.2) 82 (33.9) 89 (36.6) 90 (37.0) 89 (36.6)
Two 127 (52.5) 115 (47.5) 128 (52.9) 120 (49.4) 120 (49.4) 120 (49.4)
Three 33 (13.6) 25 (10.3) 23 (9.5) 30 (12.3) 24 (9.9) 27 (11.1)
Four or more 4 (1.7) 6 (2.5) 2 (0.8) 2 (0.8) 4 (1.6) 4 (1.6)
Desired age at ﬁrst (additional) childc
Mean (SD) 33.9 (4.2) 34.0 (4.7) 0.94d 33.9 (4.7) 0.98d 32.2 (4.7) 32.4 (4.5) 0.66d 32.3 (4.6) 0.81d
Unknown (n, %) 128 (54.7) 123 (52.1) 0.58e 125 (53.2) 0.74e 66 (27.4) 70 (29.4) 0.62e 63 (26.2) 0.78e
Desired age at last childc
Mean (SD) 36.3 (4.2) 35.6 (4.5) 0.20d 35.6 (4.3) 0.22d 34.1 (4.2) 34.1 (4.0) 0.996d 33.8 (4.2) 0.53d
Unknown (n, %) 88 (37.6) 78 (33.1) 0.30e 89 (37.9) 0.95e 55 (22.8) 52 (21.8) 0.80e 53 (22.1) 0.85e
Posttest desires
Desired number of (additional) children (n, %)
None 2 (0.8) 3 (1.2) 0.42b 0 0.39b 1 (0.4) 1 (0.4) 0.96b 0 1.00b
One 77 (31.8) 96 (39.7) 86 (35.5) 96 (39.5) 94 (38.7) 97 (39.9)
Two 125 (51.7) 111 (45.9) 129 (52.2) 117 (48.1) 121 (49.8) 118 (48.6)
Three 32 (13.2) 26 (10.7) 23 (9.5) 27 (11.1) 24 (9.9) 27 (11.1)
Four or more 6 (2.5) 6 (2.5) 4 (1.7) 2 (0.8) 3 (1.2) 1 (0.4)
Desired age at ﬁrst (additional) childc
Mean (SD) 33.9 (4.3) 34.1 (4.7) 0.68d 33.8 (4.9) 0.86d 32.1 (4.6) 32.5 (4.4) 0.35d 32.3 (4.5) 0.57d
Unknown (n, %) 128 (53.3) 130 (54.4) 0.82e 140 (57.9) 0.32e 75 (31.0) 78 (32.2) 0.77e 70 (28.8) 0.60e
Desired age at last childc
Mean (SD) 36.1 (4.3) 35.8 (4.2) 0.61d 35.5 (4.5) 0.35d 33.9 (4.0) 34.1 (4.0) 0.74d 33.7 (4.0) 0.56d
Unknown (n, %) 85 (35.4) 81 (33.9) 0.73e 91 (37.6) 0.62e 51 (21.1) 57 (23.5) 0.58e 57 (23.5) 0.53e
aThere were 31 participants who did not want to have children in the future, contrary to their responses in the screening survey.
bFisher’s exact tests.
cOnly those who answered one or more to ‘desired number of (additional) children’ were included.
dTwo-tailed t test.
ex2 test.
P-Values compare the preceding control group with the Intervention group.
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Posttest scores on the STAI-S (mean, SD) were signiﬁcantly higher
(greater anxiety) in the intervention groups than that of the control
groups: intervention versus Control 1 and versus Control 2: 46.7 (8.1)
versus 44.4 (7.9) (P ¼ 0.002) versus 44.9 (8.3) (P ¼ 0.01) among
men and 47.5 (9.0) versus 45.5 (8.9) (P ¼ 0.02) versus 44.2 (8.9)
(P, 0.001) among women, whereas no difference in the posttest
scores on the STAI-T existed between groups (Fig. 2c), indicating that
differences in state anxiety was not due to underlying differences in
personality traits between groups.
Discussion
We showed that exposure to fertility information via an inexpensive
brochure can improve knowledge by about 10 points on the CFKS-J
but doing so doubled the proportion of people who felt anxiety com-
pared with the provision of other healthcare and general information.
These ﬁndings negate our prediction especially among women, and
revealed that fertility information, even when neutral and evidence-
based, induced anxiety among the reproductive-aged population. This
is the ﬁrst quantitative study to evaluate the psychological change of
people exposed to fertility information.
A strength of our study was the randomized controlled study design
with a large sample size. Although there was a disproportion of
some baseline characteristics between groups, these were negligible in
light of the randomized study design and multiple comparisons. Even
when we adjusted for whether participants had fathered a child among
male participants and whether participants were university educated
among female participants using logistic regression model or analysis of
covariance, the results were not markedly different. In addition, the
large sample size allowed analyses by age group to identify for whom
fertility education could be more anxiety provoking. It was found
that women in their mid-20s and men in their early 30s felt anxiety
after exposure to fertility information despite still being younger
than the average parental age at ﬁrst birth in Japan. Furthermore, the
chance of reacting with anxiety seemed to increase linearly with
older age.
Another strength was the use of validated scales, the CFKS and the
STAI. The use of a pre and posttesting phase also enabled assessment
of baseline equivalence on knowledge before the information was pro-
vided. The pretest knowledge score was similar to that in our previous
survey (50% correct score, Maeda et al., 2015). The signiﬁcantly
higher score on the STAI-S (acute state) in the intervention groups and
the similar scores on the STAI-T (a personality trait) between the
study groups demonstrate the robustness of our main results.
The present study was intended to assess the non-inferiority of
subjective anxiety after exposure to fertility information compared
with that of the control groups. The risk difference of subjective
anxiety was found to exceed the non-inferiority margin among
women, showing the inferiority of the fertility information group relative
to controls. Although the result regarding non-inferiority was inconclu-
sive among men, possibly because the predetermined non-inferiority
margin was wide, it was shown that the incidence of subjective anxiety
after exposure to fertility information was signiﬁcantly higher than that
of the control groups among both men and women, which was consist-
ent with the results on the STAI. These results indicate that provision of
fertility education has beneﬁts but also costs, and these should be consid-
ered in education interventions.
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Regarding the effects of information brochures on knowledge, our
ﬁndings are consistent with those of previous studies. It is possible
to improve fertility knowledge with low cost information brochures.
Wojcieszek and Thompson (2013) reported that male and female uni-
versity students had better fertility knowledge after reading an educa-
tional brochure presented online. Daniluk and Koert (2015) also
showed currently childless men andwomenweremore aware of fertility
immediately after the intervention, although the improvement was not
maintained6months later. In thepresent study,we replicated those ﬁnd-
ings: participants in the intervention group had signiﬁcantly better knowl-
edge immediately after exposure.
The results on childbearing desires (child-number, child-timing) were
inconsistent with past research showing that fertility information pro-
duced a decrease in desired or ideal age for childbearing (Wojcieszek
and Thompson, 2013; Daniluk and Koert, 2015). In the present study,
no apparent difference was found in the posttest on child-timing desires
between the study groups.One possible reasonwas the higher age of par-
ticipants (the mean age in years in present study: 30.6) compared with
those in the previous studies (19.05 years old inWojcieszek and Thomp-
son, 2013; 28 years old in Daniluk and Koert, 2015). In general, people
tend to postpone parenthood as they age (Virtala et al., 2011) or as they
have difﬁculty ﬁnding a partner or balancing their educations, careers
and other factors (Cooke et al., 2012; Peterson et al., 2012). Our partici-
pantsmight have experienced such struggles andaccommodated their pri-
oritiesmore so than the above studies (Wojcieszek andThompson, 2013;
Daniluk andKoert, 2015).Another reasonwas the high proportionof par-
ticipants that answered ‘I don’t know.’ Longitudinal assessments would
show the real effects of knowledge and potential changes in attitude of
those who prevaricated over their family planning. An alternative explan-
ation is that the fertilityeducationprovided in thepresent studydidnot suf-
ﬁciently target child-numberand child-timingdesires tomake an impacton
these outcomes. For example, information in Daniluk and Koert (2015)
has 10 sections over multiple pages and thousands of words concerned
with when is the right time to have children whereas the present fertility
education focused brochure had a simplemessage about declining fertility
according to age and risk factors for reduced fertility. In addition, it is hard
to knowwhether the participants read the brochure or did so in sufﬁcient
depth to absorb the contents even though they were asked to read
the entire brochure carefully. The results indicate that educators must
ensure that the fertility education provided aligns with the outcomes
they would want to change.
Fertility educational initiatives have increased across developed
countries over the past few years (De Cock, 2011; Daniluk and Koert,
2013; Hammarberg et al., 2013) and are increasingly widespread
(Centers for Disease Control and Prevention, 2014; Cabinet Ofﬁce,
Government of Japan, 2015). However, the main targets are the
reproductive-aged generation and the introduction of fertility issues to
school education is just beginning (Boivin et al., 2013; Department of
Education and Early ChildhoodDevelopment, 2013). In view of our ﬁnd-
ings, educational interventions should target a younger generation than
currently intended. Our results showed that young women in their
mid-20s were much more likely to report anxiety when confronted
with fertility-related information, suggesting that fertility could be an
area of worry for them. If fertility information were provided as part of
educational initiatives, and provided in a more safe and helpful way,
then people would be better able to manage such information when
exposed in the community or health services.
Development of communication strategies that relieves the anxiety of
reproductive-aged people is also important because therewas an overall
effect of fertility education on anxiety. In light of the close relations
between fertility knowledge and personal relevance of childbearing
(Bunting et al., 2013; Daniluk and Koert, 2015; Maeda et al., 2015),
making accurate information accessible to an older generation nearing
or at the stage of wanting children, and who may experience fertility
issues is necessary. However, given the fact that people generally fail
to process information effectively and efﬁciently when they are in a
state of high concern (Covello et al., 2001), addition of psychological
approaches, such as introducing decision-making strategies or providing
information about counseling, would be required more than in other
health education (Webb et al., 2010) in which most factors could be
perceived to depend more on one’s decisions (e.g. smoking cessation
or dietary behavior).
This study has some limitations. First, the use of SRPs could have
caused selection bias associated with higher education (Haagen et al.,
2003; Takahashi et al., 2011) and more interest in childbearing.
Second, the outcomes were measured only once, immediately after
reading the brochures. Anxiety we measured might be a short-term
effect that may reduce with the passage of time. As a future direction,
measurements of changes over time should be explored. Finally,
responses to fertility information might differ in Western countries.
This study was conducted in Japan where referring to fertility has been
a taboo for a long time and the level of knowledge is quite low (Maeda
et al., 2015) as reported in other Asian countries (Asia Paciﬁc Initiative
on Reproduction, 2013; Chan et al., 2015) compared with non-Asian
countries (Bunting et al., 2013). Assessment of cultural relevance to per-
ceptions of fertility information would be an area of future research.
In conclusion, it is possible to increase fertility knowledge using an
inexpensive fertility education brochure. However, such initiatives
could increase anxiety, especially among women of reproductive-age.
Early education and fertility awareness campaigns that took account of
psychological impacts of fertility education could result in a positive
reception and enhanced the educational effects.
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